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REPORT. 



In a general account of the discovery of the planet Nep- 
tune, and of the remarkable circumstances which preceded and 
attended this discovery, it cannot at this late period be expected 
that any new views should be brought forward, or any material 
facts cited, which have escaped the notice of the eminent 
astronomers who have already written upon this subject. The 
facts are before the world. The numerical data are in all the 
books. The history is too strange to be forgotten by any one 
who has once studied it. In the following Report, therefore, it 
can scarcely be hoped that the facts should be more clearly 
arranged or more concisely presented than has already been 
done by Airy, Biot, and Herschel, or that any thing, bearing up- 
on the history prior to 1847, be narrated, which cannot be found 
elsewhere. 

The strange series of wonderful occurrences of which I am 
to speak is utterly unparalleled in the whole history of sci- 
ence ; — the brilliant analysis which was the direct occasion of 
the search for a trans-Uranian planet, — the actual detection of 
an exterior planet in almost precisely the direction indicated, — 
the immediate and most unexpected claim to an equal share of 
merit in the investigation, made in behalf of a mathematician 
till then unknown to the scientific world, — and finally the 
startling discovery, that, in spite of all this, the orbit of the new 
planet was totally irreconcilable with those computations which 
had led immediately to its detection, and that, although found 
in the direction predicted, it was by no means in the predicted 
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place, nor yet moving in the predicted orbit. This series of 
events, together with the since developed theory of Neptune, 
constitute the subject of my Report. 

The correctness of the prophecy, made 1 by a British writer 
within a few weeks of the discovery of the planet, that the 
future historian of astronomy would find it necessary to change 
his pen more than once while discussing this subject, will hardly 
now be called in question by the strongest partisans of any of 
those illustrious scientists, who have occupied themselves with 
the theories of Uranus and Neptune; — although the most 
important point at issue is a question very different from the one 
then anticipated. 

There has never been a more complicated case presented for 
the sober judgment of the impartial historian ; and the tempta- 
tions to dwell upon the romance and poetry of the subject are 
extremely strong. I purpose, however, in the following history 
of the circumstances which led to, and have been connected 
with, the discovery of Neptune, to present the subject as simply 
as possible ; leaving to others the philosophical considerations and 
poetic fancies which it suggests, and aiming only at clearness 
and impartiality. I shall arrange the Report as nearly as possi- 
ble in the chronological order. 

The planet Uranus was discovered by Sir 'William Herschel 
on the 13th of March, 1781 , and, although at first supposed to be a 
comet, was before the end of the year recognized 3 as one of the 
primary planets of our solar system. Circular elements were 
first computed 3 during the summer of 1781, by Lexell, of St.- 
Petersburg, at that time in London ; and others were soon after 
published in Russia, 4 France, 5 and Germany. 6 The computation 

1 London Athenceum, Nov. 21, p. 1191. 

* Mimoires <le I'Acad. des Sciences, Paris , 1779, p. 526 ; Berliner Astronomischcs 
Jahrbttch , 1784, p. 215. 

3 Acta Acad. Pelrop ., 1780, Mem., p. 307. 

4 Nova Acta Acad . Petrop ., I., Hist n pp. 72, 76, 81 ; Acta Acad. Petrop., 1780, 
Mem., p. 312. 

6 Lalande, Mtm. Acad. Sc. Paris, 1779, p. 526. 

* KiOgel, of Hclmstadt, BerL Ast. Jahrb., 1785, p. 193. Hcnnncrt, ibid., p. 205. 
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of a planetary orbit was at that time a most laborious and trou- 
blesome process, by no means to be compared with the easy 
methods in use since Gauss gave 1 to the world the elegant 
and simple formulas of the “ Theoria Mot u*." No elliptic 

elements were computed, therefore, until the year 1783, during 
which year elliptic orbits differing but slightly from each other 
were published by Mechain, 9 Laplace, 3 Caluso, 4 and Henncrt ; 5 
and in the French and German astronomical Ephemerides for 
1787 (published in 1784) were tables of the new planet. The 
name Uranus, originally proposed 6 by Bode, had at that time 
become almost universal upon the Continent, although in Eng- 
land the names “ Herschel ” 7 and “ Georgium Sidus ” 8 (or 
simply “ The Georgian ”) were generally used until within a 
very few years, — the planet being still designated by the latter 
name in the British Nautical Almanac. The symbol adopted 9 
with the name Uranus was that of platinum (&), but in 
England and France the symbol V , formed from the discov- 
erer’s initial, is generally used. 

In the mean time Bode, the Astronomer Royal of Prussia, 
had suggested 10 that Uranus might have been observed by as- 
tronomers before the discovery of its planetary nature, and 
consequently that earlier observations might be found by a 
proper search in the catalogues of fixed stars. This happy idea 
prompted him to study over the old star-catalogues, and his 
search was crowned with abundant success. 11 In August, 1781, 

I March, 1809. 

• Hist . Acad. Berl ., 1782, pp. 41, 49. 

3 M6m. de Bruxelles , T. 5, Hist., p. xlix., Mem., p. 4.3 ; Journal de Paris , May 
31, 1783 ; Berl. Ast. Jahrb ., 1786, p. 247 ; Conn, des Temps, 1786, p. 3. 

4 Ephem. Astron. Mcdiol., 1784, p. 199. 

8 Berl. Ast. Jahrb., 1786, p. 223. 

• Berl. Gesellschafl Naturforschendcr Freunde, March 12, 1782, III. p. 350. 

7 Proposed byLalande, Dec. 22, 1781 ; ▼. Mim. Acad. Paris, 1779, p. 526; 
Jfist. Acad. Berlin, 1782, p. 39. 

8 Proposed by Herschel, Boy. Soc. Philos. Trans., 1783, p. 1. 

• Proposed by Koehler, of Dresden; Berl. Ast. Jahrb., 1785, p. 191 ; Nova 
Acta Petrop., I. 69. 

10 Berl. Ast. Jahrb., 1784, p. 218. 

II See also Bode, Vom neuentdcclctcn Planeten, Berl., 1784. 
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lie discovered 1 that a star 9 (No. 964) in Tobias Mayer’s Cata- 
logue, which had been observed 3 September 25, 1756, was not 
to be found in the place indicated, and that it had not been 
mentioned on various occasions when all tho other stars of 
equal magnitude in the same vicinity had been observed. 
Uranus must have been nearly in that place at the same time, 
according to the orbits of Laplace and M6chain, 4 and the pre- 
sumption became thus quite strong, that this supposed fixed star 
of Mayer was really the planet Uranus. In the same way 
Bode and Fixlmillner of Kremsmiinster found, 5 in 1784, that 
a star observed 6 by Flamsteed, December -ff, 1690, and 
called by him 34 Tauri, was in all probability also Uranus. 
The same discovery seems to have been made and verified 7 
independently in France by Lemonnier and Montaigne. Ob- 
servations of the planet were thus obtained, which embraced 
an interval of more than an entire revolution, and from these 
two old observations in 1690 and 1756, a*d the two oppositions 
of 1781 and 1783, Fixlmillner computed elliptic elements, 8 
which not only fully satisfied all the four places upon which they 
were based, but all the observations known. They were as 
follows : — 



Epoch, Jan. 1st, 1784. 



O in 

Mean anomaly, 297 9 25 

Long, perihelion, 167 31 33 

Long. asc. node, 72 50 50 

Inclination, 0 46 20 



day*. 

Tropical period, 30587.37 

Mean distance, 19.18254 

Eccentricity, 0.0461183 

Mean daily trop. motion, 42".3704 



which, as the event has proved, were very near the truth. 



1 Berl. Ast. Jahrb., 1784,p. 219 ; 1785,p. 189 ; Wurm,Geschichte des Uranus , p. 35. 

* Reduced Conn, des Temps , 1778, p. 195 ; Fixlmillner, Berl. Acad., 1783, Hist., 
p. 15; Bessel, Fundamenta Astronomic, p. 283. 

3 Mayer, O/tera Inedit a , ed. Lichtenberg, I. p. 72. 

4 Hist. Acad. Berl., 1782, p. 40. 

6 Hist. Acad. Berl., 1783, p. 15 ; Berl. Astr. Jahrb ., 1787, pp. 243, 247. 

• Hist. Ccelestii Britann., II. p. 86, 2d cd. 

7 Mi m. Acad. Roy. des Sciences, 1784, p. 353. 

9 Hist. Acad. B*tI., 1783, p. 19; Berl. Astr. Jahrb., 1787, p. 249. 
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Worm, of Nurtingen, computed, 1 at nearly the same time, 3 
elements 3 very similar ; and Fixlmillner, 4 von Zach, 5 and others® 
constructed tables. Those by the former are in the Berlin As- 
tronomical Almanac for 1789 (published 1786). These tables, 
as above remarked, satisfied all the observations, and continued 
to represent the planet’s course most satisfactorily until 1788, 
when a discrepancy between theory and observation became very 
apparent ; T and Fixlmillner was compelled to disregard Flam- 
steed’s observation, and to calculate new elements and tables 8 
from the oppositions since Herschel’s discovery, and the single 
observation by Mayer. But at a later period, after Gerstner, 9 
Lalande, 10 Oriani, 11 and Duval 13 had determined the perturba- 
tions by Saturn and Jupiter, and De lamb re had published 13 his 
tables of Uranus, the discrepancies vanished, and the same ele- 
ments were made to represent perfectly all the modem observa- 
tions, and the two former onos of Mayer and Flamsteed. In 1 788, 
Lemomuer discovered 14 that he had also observed 13 Uranus as a 
fixed star in 1764 and 1769. These observations of Uranus, made 
prior to Herschel’s discovery of its planetary character, are called, 
by way of distinction, “ ancient observations.” Others have 
since been found, so that wo now have twenty in all, viz. : — 

1 Gcschichte des Planclen Uranus , p. 37 ; Berl. Astir . Jahrb ., 1788, p. 193. 

7 Summer of 1784. 

3 See Reggio, Ephem. Astr. Medial., 1784, p. 199. 

4 Berl. Astr. Jahrb., 1789, p. 113. 

Ibid., 1788, p. 217. 

9 Caluso, Mim. de Turin , 1787, pp. 113, 132, 137; Dom Nouet, Conn, des 
Temps , 1787, p. 176 ; Robison, Trans. R. Soc. Edinb ., 1788, Vol. I. p. 305. 

7 Worm, Gesch. des Uranus , p. 38. 

8 Berl. Astir. Jahrb., 1792, p. 159. 

• Ibid., 1792, pp. 214, 219. 

10 Mim. de I Acad. Sc. Pans, 1787, p. 182. 

11 Ephem. Astr. Mcdiol., 1790, 1791. 

13 Mim. Acad. Berl., 1789; Berl. Astr. Jahrb., 1793, 115. 

13 Computed 1789, crowned 1790. Wurm, Geschichte des Uranus, p. 89; La- 
lande, Astronomic , ed. 3 me , Vol. I. 

14 See Lalande, AcatJ. Sc. Paris , 1789, p. 204; von Zach, Comm. Soc. Reg. Got - 
ting., 1789, p. 91. 

15 Corns, des Temps , 1821, p. 339. 
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One 1 in 1690, by Flamsteed, Dec. 

One® “ 1712, “ Flamsteed, . 

Four® “ 1715, « Flamsteed, Apr. **. 

Two 4 “ 1750, “ Lemonnier, Oct. 14, Dec. 3. 

One 5 “ 1753, “ Bradley, Dec. 3. 

One® “ 1756, “ Mayer, Sept. 25. 

One 7 “ 1764, “ Lemonnier, Jan. 15. 

Two 8 “ 1768, “ Lemonnier, Dec. 27, 30. 

Six 9 “ 1769, “ Lemonnier, Jan. 15, 16,20, 21,22, 23. 

One 10 “ 1771, “ Lemonnier, Dec. 18. 

Mr. Le Verrier has, however, found reason 11 to suspect the 
accuracy of Flamsteed’s observation of 1715, so that 

there are really but nineteen available ones. 

The best tables of Uranus which existed before the masterly 
and accurate researches 19 of Le Verrier, in 1845 and 1846, were 
those 13 computed by Bouvard in 1821. Bouvard was acquaint- 
ed with all the ancient observations which we know, excepting 
three by Flamsteed in 1715. In the introduction to his tables, 
he announced 14 that he had been utterly unable to find any el- 
liptic orbit, which, combined with the perturbations by Jupiter 
and Saturn, would represent both the ancient and the modern 
observations. The best tables which he could obtain by the 



I Hist. Cod. Brit., n. 86, 2d cd. ; Hist. Acad. Bed., 1783, p. 16. 

* Hist. Cad. Brit., II. p. 537. 

3 Ibid., pp. 549, 551 ; Conn, des Temps , 1820, pp. 409, 410. 

4 Conn, des Temps , 1821, p. 339. 

5 Bradley, Astron. Obs., I. p. 155 *, Bessel, Fund. Astr., p. 283 ; Greenirich Plan. 
Beduct., I. p. 300. 

• Hist. Acad. Bed., 1783, p. 8 ; Bessel, Fund. Astron n p. 284 ; Conn, des Temjts, 
1778, p. 195. 

7 Bouvard, Conn, des Temps , 1821, pp. 341, 342. 

8 Ibid., pp. 341 -343. 

9 Ibid., pp. 341, 343 - 347. 

10 Ibid, pp. 341, 347. 

II App. Conn, des Temps, 1849, p. 125. 

18 Comptes Rendus de I Acad. des Sc., XXI. p. 1050 ; XXII. p. 907. 

13 Tables Astronomiques, Paris, 1821. 

14 p. ii. 
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use of both represented neither of them, in any way at all sat- 
isfactory. On the other hand, by using modem observations 
only, he wa3 enabled to find elements which, although they 
gave errors amounting sometimes to 74" for the ancient obser- 
vations, still satisfied all the modem ones comparatively well, — 
never differing more than 10" from theory, and generally much 
le3S. 

“ Such,” said he, 1 “ is the alternative which the formation of 
tables of the planet Uranus presents ; — if we combine the an- 
cient observations with the modem ones, the first will be passa- 
bly represented, while the second will not be represented with 
the precision which they require ; — but if we reject the former, 
and retain the latter only, the resultant tables will have all de- 
sirable precision for the modem observations, but will be incapa- 
ble of properly satisfying the ancient ones. We must choose 
between two alternatives. I have thought it proper to abide by 
the second, as being that which combines the most probabilities 
in favor of the truth, and I leave it to tho future to make known 
whether the difficulty of reconciling the two systems result from 
the inaccuracy of the ancient observations, or whether it depend 
upon some extraneous and unknown influence, which has acted on 
the planet.” 

He therefore summarily rejected the former observations, and 
founded his tables upon the latter alone, adducing arguments 
against tho accuracy of the ancient observations, and forgetting 
how well they harmonized with one another, and had harmo- 
nized with the elements obtained soon after the discovery of the 
planet. 

But a very few years after the publication of Bouvard’s ta- 
bles, important differences between theory and observation be- 
came 3 again manifest, and attracted the attention of astronomers. 

Airy alluded, 3 in 1832, to these discrepancies, in his Report 

1 p. xiv. 

* See Ast. Nackr ., IV. p. 56; VI. pp. 195, 209 ; KOnigsberg Observ ., 1826 ; Cam- 
bridge (Eng.) Observ., 1826, 1830. 

* Reports of British Association, I. p. 154. 

9 
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to the British Association on tho Progress of Astronomy, and 
mentioned that the tables, constructed only eleven years previ- 
ously, were in error nearly half a minute of arc. 

It is an easy thing to censure Bouvard for the readiness with 
which he abandoned the ancient observations, — now that we 
know that the discrepancies were caused by the action of an ex- 
terior planet, and that the maximum of error in the ancient ob- 
servations amounted 1 only to nine seconds. But the illus- 
trious Bessel, who, had his priceless life been spared a very little 
longer, would have seen his suspicions most fully confirmed, 
spoke 2 as follows, in a public lecture, 3 in the beginning of the 
year 1840, six years and a half before the discovery of Nep- 
tune : — 

“ In my opinion, Bouvard made much too light of the matter; 
inasmuch as, after ho had found himself unable to reconcile tho 
theory both with the ancient observations and the forty years’ 
series of modem ones, he contented himself with the remark, 
that tho former were not so accurate as the latter. I have my- 
self subjected them to a more careful investigation, and new cal- 
culation, and have thereby attained the full conviction, that the 
existing differences, which, in some cases, exceed a whole min- 
ute, are by no means to be attributed to the observations.” 

Bessel had already 4 pointed out one error in Bouvard’s ta- 
bles, in the equation depending on the mean longitude of Saturn 
minus twice that of Uranus. This error was small in compari- 
son with the discordances to be accounted for, — but we thus 
see how early he was engaged upon the investigation. 

The last sentence of Bouvard’s introduction, just quoted, 
which was, in fact, the first published suggestion that the discord- 
ance between the theory and observations of Uranus might be 
due to the influence of an unknown planet, is hardly definite 
enough to be viewed historically in that light. But the follow- 

1 Proc. Amer. Acad., I. p. 333. 

* Bessel, Popular* Vorlesungcn , p. 448. 

3 In Konigsberg, Feb. 28th, 1840. 

4 Astron. NachricJdtni , No. 48, II. p. 441. 
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ing extract from a letter, 1 written November 17, 1834, by 
the ltev. Dr. T. J. Hussey, of Hayes, to Prof. Airy, — now 
English Astronomer Itoyal and then Director of the Observar 
tory of Cambridge, England, — although first published 9 since 
the discovery of Neptune, is the earliest written allusion to the 
subject with which I am acquainted. 

“ The apparently inexplicable discrepancies between the an- 
cient and modem observations suggested to me the possibility of 
some disturbing body beyond Uranus, not taken into account, 

because unknown Subsequently, in conversation with 

Bouvard, I inquired if the above might not be the case : his an- 
swer was, that, as might have been expected, it had occurred to 
him, and some correspondence had taken place between Hansen 
and himself respecting it. Hansen’s opinion was, that one dis- 
turbing body would not satisfy the phenomena ; but that he con- 
jectured there were two planets beyond Uranus. Upon my 
speaking of obtaining the places empirically, and then sweeping 
closely for the bodies, he fully acquiesced in the propriety of it, 
intimating that the previous calculations would be more labori- 
ous than difficult ; that, if he had leisure, he would undertake 
them and transmit the results to me, as the basis of a very close 

and accurate sweep I may be wrong, but I am disposed 

to think, that, such is the perfection of my equatorial’s object- 
glass, I could distinguish, almost at once, the difference of light 

between a small planet and a star If the whole matter 

do not appear to you a chimera, which, until my conversation 
with Bouvard, I was afraid it might, I shall be very glad of 
any sort of hint respecting it.” 

As regards the opinion attributed in this letter to Prof. Han- 
sen, I have the authority * of that eminent astronomer himself 



* Prof. Hansen informs me, in a letter received since this account was written, 
that Mr. von Lindenaa has been engaged upon a history of the discovery of 
Neptune. To his inquiries upon this subject, Prof. Hansen had replied in the 
following words, which he has also authorized mo to make public : — 

“ Die mich betreffende Aeusscrung in Airy's Aufsatze (zlstr. Nachr., No. 585, 

1 Notices R. Ast.Soc., VII. p. 123. * Nov. 13, 1846. 
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for stating, that the assertion must have been founded on some 
misapprehension, as he is confident of never having expressed or 
entertained that belief. 

In the Notice * of the Royal Astronomical Society for Novem- 
ber 13th, 1846, is a mo3t important publication 1 by the Astron- 
omer Royal, entitled, “ An Account of some Circumstances his- 
torically connected with the Discovery of the Planet exterior to 
Uranus.” In this paper is a series of extracts from letters, be- 
fore unpublished, which furnish the testimony to a great part of 
the history anterior to the actual discovery. From the first let- 
ter a in the scries, the preceding quotation was made. 

Mr. Eugene Bouvard, nephew of the author of the Tables, 
wrote as follows 3 on the 6th October, 1837, from Paris, to the 
Astronomer Royal of England : — “ My uncle has given me the 
tables of Uranus to reconstruct. In consulting the comparisons 

s. 13G, und R. -Is*. Soc. t VII. p. 123) ist jedenfulls unrichtig. Ich besitze freilich 
keine Copien von meinen Briefen an Bouvard, aber ich findo in seinen Bricfen 
an mich, die ich wieder durchlas, als mir Airy’s Aufsatz hekannt wnrdc, keine 
Spur, dass ich gegen ihn die von Hussey rair in den Mund gelegte Aeusserung 
gemacht hattc. Auch war dies unmoglich, da ich meine darauf bezuglicben Ar- 
beiten nicht so weit fortgesetzt habe, urn darflber eine bestimmte Ansicht haben 
zu kbnncn. Ich kann moglicher Weise gcschrieben haben, dass vieUeicht die bis 
dahin in der Bcwcgung des Uranus nicht erklflrtcn Abweichungcn von der Theo- 
rie nicht von einem, sondem von mehreren auf ihn einwirkenden. unbekannten 
Planetcn herrUhrten ; aber dass Ein storender Korper die Abwcichung nicht cr- 
klaren konne, hat>c ich auf keinen Fall behauptet. Airy, dem ich kurz nach dem 
Erscheincn seines Aufsatzcs darflber schrieb, antwortete, dass cr in scinem 
niichstcn Artikel Qber Neptun davon Gcbrauch mac-hen wolltc. Es ware mir 
lieb, wenn dieses auch in dem Ihrigcn gcschahe. Immcr ist es meine feste 
Ansicht gewesen, dass dio Anomalien in der Bewegung des Uranus niehts nnders 
sind, als die Wirkungcines oder mehrercr oberhalb befindliehen Planetcn, und ich 
befand mich daruber in Opposition mit Bessel und Nicolai, wclche beide dieses 
fur unmoglich hielten. Eretercr ist indess in seinen letzten Lcbcnsjahren von 
dics%r Ansicht abgegangcn, und hat sich crnstlich mit der Aufsuchung dieses 
Planetcn durch Kcchnung beschaftigt. Ich hattc in den zwanziger Jnhrcn ange- 
fangen mich mit dieser Aufgabe zu beschaftigcn, — gab die Arbeit aber wieder 
auf, und habe sic scitdcm wegen anderer Untcrsnchungen ganz aus dem Gc- 
sicht verloren. Eine Stclle, wo LeVcrriersagt doss die Uranusbcobachtungcn dcr 
letzten 20 Jahren nothwendig waren, utn ein sicheres Besultat zu crlangen, lasst 
es mich nicht berenen, damals meine Arbeit liegen gelassen zu haben.” 

1 Nothrs R. Astnm. Soc., VII. p. 121. 2 Ibid., p 123. 3 Ibid., p. 125. 
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which you have made between observations of this planet and 
the calculations in the tables, it will be seen that the differences 
in latitude are very large, and are continually becoming larger. 
Does this indicate an unknown perturbation exercised upon the 
motions of this star by a body situated beyond ? * 1 do not 

know, but this is at least my uncle’s idea.” 

Prof. Airy remarked in his reply, 1 that the error in latitude 
was very small ; — that it wa3 the errors in tho longitude which 
were increasing with so fearful rapidity. And, a few months 
after, he showed 2 that the tabular radius-vector of Uranus was 
much too small. This result of observations at the quadratures 
was one to which Prof. Airy, both at that time and uniformly 
since, attached great importance. 

It is from this period, that the definite belief of most astrono- 
mers in the existence of a trans-Uranian planet appears to date. 
Numerous mathematicians subsequently conceived the purpose of 
entering earnestly into laborious and precise calculations, in 
order to decide whether the assumption of an exterior cause of 
disturbance were absolutely necessary, and, if so, to determine 
from the known perturbations their unknown cause. The Astron- 
omer lioyal most justly expresses 3 himself “ confident, that it will 
be found that the discovery is a consequence of what may prop- 
erly be called a movement of the age ; that it has been urged 
by the feeling of the scientific world in general, and has been 
nearly perfected by the collateral, but independent, labors of va- 
rious persons possessing the talents or powers best suited to the 
different parts of the researches.” 

The problem became, from this time forth, one of the most 
important questions of Physical Astronomy. Astronomers in 
various countries busied themselves with it, and spoke of it 
without reserve. 



* u Ccla tientil a une perturbation inconnue apportde dans les mouvements do 
cet astre par un corps situ 2 au-dela ? n 

1 Notices R. Astron. «Sbc., VII. p. 126. 3 Notices R. Astr. Soc ., VII. p. 122. 

* Astr. Nachr. t No. 349, XV. p. 217. 
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The first decided opinion, publicly expressed, was, I believe, 
that of Bessel, in the lecture 1 delivered at Konigsberg on the 
28th February, 1840 ; from which I have already quoted. He 
had, at that time, already repeated the calculations of the cider 
Bouvard, and convinced himself that the ancient and modem 
observations could not be reconciled by any modification of the 
elements ; and that the differences could not be attributed to 
inaccuracy of instruments, or to methods of observation. 

“ From all these investigations,” said hc, a “ I have arrived at 
the full conviction, that wo have in Uranus a case to which La- 
place’s assertion * is not applicable We have here to do 

with discordances, whose explanation can only bo found in a new 

physical discovery Farther attempts to explain them 

must be based upon the endeavor to discover an orbit and a 
mass for some unknown planet, of such a nature, that the result- 
ing perturbations of Uranus may reconcile the present want of 
harmony in the observations. If the motions of Uranus can 
actually be explained in this way, the lapse of time will raise 
this explanation to the rank of evidence, in the same degree in 
which it will exhibit the influence of this new power. And this, 
too, must exert influences upon the motion of Saturn, which are 
indeed smaller, but will, nevertheless, hardly be able to escape a 
special investigation, and will thus afford an independent confir- 
mation of the existence of the new planet.” 

In continuing his lecture, Bessel dwelt long upon the labor 
and difliculty of the problem. He spoke of the painful amount 
of preparatory labor to be performed, alluded 3 to the patience 
and care with which his young friend and pupil, Flemming, had 
already reduced all the observations of Uranus, and, with father- 
ly kindness, he encouraged him in his work. 

The labors of the talented and enthusiastic Flemming wero 



* ». « M that the theory of gravitation entirely explained all motions observed in 
our solar system. 

1 Bessel, Popul. Vorle* p. 408. * Ibid., p. 452. 

* Ibid., pp. 449, 450. 
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interrupted by his early death. Bessel himself was upon the 
point of commencing the investigation which he had proposed, 
when ho Bank beneath tiro weight of hi3 labors ; and “ the prize 
toward which he had stretched forth his hand was wrested from 
him ” 1 by the lingering and painful disease which closed the 
long series of his brilliant investigations, and removed him from 
the world. 

Sir John Herschel stated publicly,® soon after the discovery of 
Neptune, that Bessel, while in England, in 1842, conversed with 
him concerning the probability that the motions of Uranus were 
disturbed by an exterior planet, and later in the same year, in a 
letter from Konigsberg, intimated that he was engaged in re- 
searches relative to these perturbations. Professor Schumacher 3 
has promised to publish Flemming’s reduction of the Uranus-ob- 
servations in the Astronomische Nachrichten. 

Meantime Mr. Eugene Bouvard, in Paris, had been engaged 
upon the same labors. In May, 1844, he wrote again 4 to Mr. 
Airy, that he had not only reduced the observations of Uranus 
anew, but that he had reconstructed tables, and succeeded in 
satisfying the modem observations so nearly that the extreme of 
discordance amounted only to fifteen seconds, while the tables of 
his uncle gave places nearly two minutes out of the way. 

But it must be observed, on the other hand, that the ancient 
observations were not represented with any degree of accuracy ; 
and, as regards the modem ones, fifteen seconds, although but a 
small angle, — a single second of time, — is nevertheless five times 
the amount of error which we are warranted in assuming. 5 

Thus not only the investigations of Bessel previous to 1840, 
but the entirely independent ones of Bouvard, between 1837 
and 1844, showed the impossibility of explaining all the observ- 
ed motions of Uranus by known causes. The Royal Society of 



1 Schumacher, Introduction to Bessel’s Popular Lectures, p. ir. 
* Letter to London Athenaeum, Oct. 3, 1 846. 

3 Introduction to Bessel’s Lectures , p. iv. 

4 Airy’s Account , letter No. 5, Notices Astr. Soc n VII. p. 127. 

5 Proceedings Amer. Acad., I. p. 333. 
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Sciences of Gottingen had already proposed, as a prize-ques- 
tion, 1 in 1842, the full discussion of the theory of the motions 
of Uranus, with special reference to the cause of the large 
and increasing errors of Bouvard’s tables. 

The death of Flemming and the feebleness and illness of 
Bessel put a stop to their researches in Germany ; and from 
this period we know of but two mathematicians, Messrs. Adams, 
of Cambridge University, in England, and Le Verrier, in Paris, 
who busied themselves with the problem. Mr. Adams states 3 
that his attention was first called' to tho subject by reading, in 
the summer of 1841, Mr. Airy’s Report on tho Progress of As- 
tronomy. Mr. Le Verrier undertook 3 the investigation at the 
request of Arago, the Director of the Observatory of Paris. 
That eminent scientist had doubtless been impressed by the com- 
putations of Bouvard with the necessity of tho research ; and 
the Astronomer Royal expresses 1 his conviction, that the knowl- 
edge of Bouvard’s labors “ tended greatly to impress upon as- 
tronomers, both French and English, the absolute necessity of 
seeking some external cause of disturbance.” 

Three months before the date of the last-cited letter of Bou- 
vard, Mr. Adams had informed Mr. Airy, through Prof. Challis, 
that he was engaged in researches of a precisely similar nature. 
The letter* of Prof. Challis is dated February, 1844, and was 
written to obtain the reductions of the Uranus-observations 
which had been made at Greenwich. Airy immediately 6 for- 
warded the complete series of heliocentric errors of tho Uranus- 
tables, — both in longitude and latitude, — for all the Green- 
wich observations from 1754 to 1830. 

During the summer of 1845, Mr. Arago represented, as 
above stated, to Mr. Le Verrier, then colleague of the venerable 



1 Abhnndl. d. KOnigl. Gcsettschaft, II. p. x. 

8 Adams’s u ExjJnnat ion, n p. .*i, Naut. Aim., 1851. 

3 Lc Verrier’s “ Rccherches? p. 4, Conn, dcs Temps, 1849. 

4 * Account ” Ast. Soc. Notices, VII. p. 127. 

6 “ Account ” letter No. 6, p. 128. 

• Ibid., letter No. 7, p. 128. 
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and illustrious Biot, the transcendent importance of the ques- 
tion, and urgently pressed liim to enter into a full discussion of 
the subject. Le Verrier did this, and presented his first paper 1 
to the Academy of Sciences on the 10th November, 1845. 

A fortnight previous, Mr. Adams had communicated 9 to Mr. 
Airy, that, according to his calculations, the observed inequalities 
of Uranus might be explained by supposing an exterior planet 
with a mass and orbit as follows : — 



Mean distance (assumed nearly in accord- 
ance with Bode’s law), . 

Mean sidereal motion in 365.35 days, 
Mean longitude, October 1st, 1845, . 
Longitude of the perihelion, . 
Eccentricity, ..... 
Mass, that of the sun being unity. 



38.4 
1° 30" .9 
323° 34' 
315° 55' 
0.1610 
0.0001656 



With these elements Mr. Adams gave a table of remaining er- 
rors of longitude for every three years of the modem observa- 
tions, none of which exceeded two and a quarter seconds. The 
ancient observations were satisfied within 12", excepting Flam- 
steed’s in 1690, which differed by 44".4, not having been used 
in the equations of condition. It was, however, probable, he 
thought, that a small change in the mean motion of the hypo- 
thetical planet would reduce this discordance materially. 

Prof. Airy, in replying, desired 3 to know whether this as- 
sumed perturbation would explain the error of the radius-vector, 
a3 he considered that this trial would be an exp erimentum crude. 
For some reason, no answer was received. This is deeply to be 
regretted, as, had an affirmative answer been given, Airy would 
undoubtedly 4 have procured the publication of Mr. Adams’s re- 
sults, and the painful discussion concerning priority would have 
been spared. As the case now stands, the question of priority 
depends upon another question, — whether Adams’s communica- 
tion of his results to the Astronomer Royal can be considered as 
a publication of them. 



1 Cumptes Rendus , XXI. p. lOSO. 3 “ Account letter No. 12, p. 130. 

* Airy’s Account, letter No. 11, p. 129. 4 Ibid., p. 131. 
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